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SUBSTRATES 



The present invention relates to a novel porous substrate web, a porous gas diffusion 
substrate and a porous gas diffusion electrode which may have application in 
5 electrochemical devices, for use for example in a fuel cell, and a process for the manufacture 
of the web, substrate and electrode. 

Electrochemical cells invariably comprise at their fundamental level a solid or liquid 
electrolyte and two electrodes, the anode and cathode, at which the desired electrochemical 

10 reactions take place. Gas diffusion electrodes are employed in a range of electrochemical 
devices, in which a gaseous reactant and/or product has to be diffused into and/or out of one 
of the cell electrode structures. They are designed to optimise the contact between the 
reactant and the electrolyte to maximise the reaction rate. Electrocatalysts are often 
incorporated into gas diffusion electrode structures to increase the rates of the desired 

15 electrode reactions. 

Gas diffusion electrodes are employed in many different electrochemical devices, 
including metal-air batteries, electrochemical gas sensors, electrosynthesis of useful 
chemical compounds, and in particular, fuel cells. Conventionally, gas diffusion electrodes 
20 comprise many components and are typically made up of one, two or even more layers of 
these components. Typically the gas diffusion electrode will comprise one or more 
electrocatalyst containing layers, which are supported onto a more rigid porous substrate 
layer. 

25 A fuel cell is an energy conversion device that efficiently converts the stored chemical 

energy of its fuel into electrical energy by combining either hydrogen, stored as a gas, or 
methanol stored as a liquid or gas. with oxygen to generate electrical power. The hydrogen 
or methanol are oxidised at the anode and oxygen is reduced at the cathode. Both electrodes 
are of the gas diffusion type. The electrolyte has to be in contact with both electrodes and 

30 may be acidic or alkaline, liquid or solid, in nature . In proton exchange membrane fuel cells 
(PEMFC), the electrolyte is a solid proton-conducting polymer membrane, commonly based 
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on perfhiorosulphonic acid materials, and the combined structure formed from the 
membrane and the two gas diffusion electrodes is known as a membrane electrode assembly 
(MEA). Alternatively, the MEA may be formed from two porous gas diffusion substrates 
and a solid proton-conducting polymer membrane catalysed on both sides; or the MEA may 
5 be formed from one gas diffusion electrode and one gas diffusion substrate and a solid 
proton-conducting polymer catalysed on the side facing the gas diffusion substrate. The 
anode gas diffusion electrode or substrate is designed to be porous and to allow the reactant 
hydrogen or methanol to enter from the face of the electrode or substrate exposed to the 
reactant fuel supply, and then to diffuse through the thickness of the electrode or substrate to 
10 the reaction sites which contain electrocatalysts, usually platinum metal based, to maximise 
the electrochemical oxidation of hydrogen or methanol. The anode is also designed to allow 
electrolyte to penetrate through the face of the electrode or substrate exposed to the 
electrolyte and to also contact the same reaction sites. With acidic electrolyte types the 
product of the anode reaction are protons and these can then be efficiently transported from 
the anode reaction sites through the electrolyte to the cathode gas diffusion electrode or 
substrate. The cathode is also designed to be porous and to allow oxygen or air to enter the 
electrode or substrate and diffuse through to the reaction sites. Electrocatalysts are again 
commonly incorporated to maximise the rate of the reaction at the cathode reaction sites 
which combines the protons with oxygen to produce water. Product water then has to 
D diffuse out of the cathode structure. The structure of the cathode has to be designed such 
that it enables the efficient removal of the product water. If water builds up in the cathode, it 
becomes more difficult for the reactant oxygen to diffuse to the reaction sites, and thus the 
performance of the fuel cell decreases. However, in the case of proton exchange membrane 
electrolytes, if too much water is removed from the cathode structure, the membrane dries 
out and the perfoimance of the fuel cell also decreases. 

Traditionally, the gas porous substrates used in the PEMFC are based on high density 
materials such as rigid carbon fibre paper (i.e. Toray TGP-H-60 or TGP-H-90 from Toray 
Europe Ltd., 7 Old Park Lane, London, W1Y 4AD), with a bulk density of 0.49g/cm 3 or 
woven carbon cloths, such as Zoltek PWB-3 (Zoltek Corporation, 3101 McKelvey Road, St. 
Louis, Missouri 63044) with a bulk density of 1.75g/cm 3 . Substrates such as these generally 
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have good water management properties but either do not easily allow the passage of the 
reactant gases, in the case of the carbon fibre paper, or lack dimensional stability, as the 
cloth can easily be stretched in the directions of the major planar faces (x and y directions). 
In addition, these types of material are expensive when compared to the material cost 
5 estimates needed to make fuels cells competitive with existing technologies, particularly in 
respect of mobile applications such as cars and buses. 

More recently, electrode structures based on a porous substrate comprising a 
non-woven network of Carbon fibres, with a particulate material embedded within the fibre 

10 network as disclosed in EP 0 791 974 have shown comparable performances to structures 
based on carbon fibre paper or cloth, without the drawbacks of such materials, and at much 
lower fibre bulk densities, typically below O.lg/cm 3 . Electrodes based on non-woven carbon 
fibre structures such as Optima t 203, of bulk density 0.07g/cm 3 (from Technical Fibre 
Products, Kendal, Cumbria, UK) give a physically strong, dimensionally stable and 

15 handleable structure at a cost compatible with motive power applications. However, 
although the gas diffusion properties of such substrates are very good, the structure lacks the 
ability to retain sufficient water, when operating at high current densities, to maintain 
optimum hydration of the membrane. As a consequence the resistance of the membrane 
increases with a commensurate loss in overall performance. 

20 

It is therefore an object of the present invention to provide a porous substrate, suitable 
for use for example in a gas diffusion electrode, which maintains the strength and flexibility 
of the non-woven carbon fibre network substrate and retains the good gas diffusion 
properties, but also has greatly improved water management properties. Control of these 
25 properties is highly important to ensure the optimum functioning of the PEMFC which may 
operate under a range of conditions of, for example, temperature, pressure, reactant gas flow 
rates and reactant gas level of humidification. 

Accordingly, the present invention provides a non-woven fibre web comprising a 
30 plurality of fibres in the x- and y-directions of average length greater than 5mm and a 
plurality of fibres of average length less than 3mm wherein at least a proportion of the fibres 
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of average length less than 3mm are orientated in the z-direction, and wherein the proportion 
of fibres of average length less than 3mm is at least 20% of the total weight of fibres, and 
wherein the density of the non-woven fibre web is from O.lg/crn 3 to 035g/cm 3 . 
Alternatively, the present invention provides a non-woven fibre web comprising up to and 
including 80% by weight of fibres in the x- and y-directions of average length greater than 
5mm, and 20% or more by weight of fibres of average length less than 3mm wherein at least 
a proportion of the fibres of average length of less than 3mm are orientated in the z- 
direction, and wherein the density of the non-woven fibre web is from O.lg/cm 3 to 
035g/cm 3 . 



The fibres of average length of greater than 5mm (the "longer fibres") impart physical 
strength to the web, whilst the fibres of average length of less than 3mm (the "shorter 
fibres") enable the density of the web to be increased beyond that which is possible with 
longer fibres alone. As the proportion of shorter fibres increases so the strength of the web 
15 decreases and accordingly the proportion of shorter fibres is suitably no more than 85% by 
weight of total fibres in the substrate, preferably no more than 70% by weight of the total 
fibres. 



The longer fibres will all be orientated in the x- and y-directions, while the shorter 
20 fibres may be orientated in the x , y- and z-directions. 

The longer fibres are of average length greater than 5mm and suitably have a 
maximum average length of 50mm. The preferred average length of the fibres is 5mm to 
30mm. The diameter of the longer fibres is typically in the range of 0,2ujn to 25p.m, 
25 preferably in the range of 2um to 20^un. 

The shorter fibres are of average length less than 3mm and suitably are of average 
length less than 2mm, preferably less than 1mm. The shorter fibres suitably have a minimum 
average length of 50^m, preferably lOOum. The diameter of the shorter fibres is typically in 
30 the range of O.lfun to 20M.ni, preferably in the range of 0.4u.m to 10p.m . 
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Fibres which are suitable for use for the longer fibres and the shorter fibres include 
carbon, glass, silica, polymer, metal or ceramic fibres, preferably carbon, silica, metal or 
ceramic, most preferably carbon. The fibres used to the longer and shorter fibres may be of 
the same material or different. 



The density of the non-woven fibre web is suitably greater than O.lg/cm 3 ; suitably the 
maximum density of the non-woven fibre web is 035g/cm 3 . The preferred range is from 
O.lg/cm 3 to O^g/cra 3 . 



10 The fibres in the web are held together by a polymer (the "final polymer"). Depending 

on the polymeric substance used it may also contribute to the essential electrode structural 
properties in a gas diffusion substrate or electrode, such as control of the 
hydrophobic/hydrophilic balance. Examples of such polymers include 

polytetrafluoroethylene (PTFE), fluorinated ethylene-propylene (FEP), polyvinylidene 

15 difluoride (PVDF), Viton A, polyethylene, polypropylene, ethylene-propylene. The 
preferred final polymer is PTFE or FEP. 

The non-woven web may be made by a single individual process or by adapting a 
continuous manufacturing process, such as paper making. In both cases the fibres (long and 

20 short) are dispersed in solution, preferably water, to form a slurry. Also added to the slurry 
are one or more polymers (the "first polymer"), preferably hydrophiltc polymers, for 
example polyvmylalcohol (PVA). The first polymer may be in the form of fibres. Once the 
long and short fibres and the first polymer are uniformly dispersed in the liquid, the liquid is 
either drained in the case of a single individual process or the fibres are formed into a 

25 continuous structure by the controlled deposition of the slurry onto a moving bed mesh. The 
web so-formed is dried in an oven, and if necessary placed in a solution of the final polymer, 
which may or may not be the same as the first polymer, allowed to dry and subsequently 
heat treated to set the final polymer, if used, or to set the first polymer. If it is not desirable 
for the first polymer to remain in the final web structure, it may be removed by this heat 

30 treatment or by an alternative appropriate process. In addition, any undesirable residues may 
be removed by the heat treatment or by an alternative appropriate process. 
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A second embodiment of the invention provides a gas diffusion substrate comprising a 
non-woven fibre web as hereinbefore defined and a filler material. The filler material is for 
the purpose of providing suitable gas diffusion, electrical conductivity and water 
management properties when employed as a gas diffusion substrate. Suitably, the filler 
5 material comprises a particulate carbon and a polymer, the carbon suitably being in the form 
of a powder. The carbon powder may be any of the materials generally designated as carbon 
black such as acetylene blacks, furnace blacks, pitch coke based powders and graphitised 
versions of such materials. Suitably also both natural and synthetic graphites may be used in 
this application. Such materials may be used either alone or in combination. The particulate 

10 carbon, or carbons, in the fill ate held together by one or more polymers- The polymeric 
materials used will contribute to the essential electrode structural properties such as control 
of the hydrophobic/hydrophiiic balance. Examples of such polymers include 
polytetrafluoroethylene (FTFE), fluorinated ethylene-propylene (FEP), poiyvinylidene 
difluoride (PVDF), Viton A, polyethylene, polypropylene, ethylene-propylene. The 

15 preferred final polymer is PTFE or FEP. 

The filler material may further comprises a catalyst other than an electrocatalyst, for 
example a gas phase catalyst, which is designed to remove contaminant gases in the fuel or 
oxidant feed streams as for example carbon monoxide in the hydrogen fuel, when this is 
20 supplied from a reformer. 

The most appropriate method for the manufacture of the gas diffusion substrate is to 
prepare the non-woven fibre web, for example using the method hereinbefore described, and 
subsequently in-filling with the filler material. The majority of the filler material will be 
25 forced into the structure of the non-woven fibre web, although a small quantity may remain 
on the surface. Alternatively, a continuous manufacturing process similar to that used to 
prepare the non-woven fibre web may be used, the filler material being added to the slurry . 

A third aspect of the invention provides a gas diffusion electrode comprising a gas 
K> diffusion substrate as hereinbefore described and an electrocatalyst material. The 
electrocatalyst material is applied as a thin layer to the surface of the gas diffusion substrate. 
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Some of the electrocatalyst material may penetrate slightly into the substrate, the remaining 
material forming a layer on the surface of the substrate. The electrocatalyst material 
comprises one or more electrocatalytic components and a polymer. Suitable polymexs 
include hydrophobic polymers, such as PTFE and/or proton conducting polymery such as 
Nafion . The electrocatalytic component is defined as a substance that promotes or enhances 
the rate of the electrochemical reaction of interest but remains unaltered by the reaction. The 
electrocatalytic component or components selected will depend on the application for which 
the gas diffusion electrode is being used. These may be, for example, a precious metal or a 
transition metal as the metal or metal oxide, either unsupported or supported in a dispersed 
form on a carbon support; a carbon or an organic complex, in the form of a high surface area 
finely divided powder or fibre, or a combination of these options. An example of a suitable 
electrocatalyst material is described in EP 0731520. 

A fourth aspect of the invention provides a membrane electrode assembly comprising 
15 a gas diffusion electrode of the invention as hereinbefore defined and a second gas diffusion 
electrode which may or may not be an electrode according to the invention, and a solid 
polymer membrane, for example Nafion^. Alternatively, the invention provides a membrane 
electrode assembly comprising a gas diffusion electrode of the invention as hereinbefore 
defined, a gas diffusion substrate which may or may not be a substrate according to the 
20 invention and a solid polymer membrane, for example Nafion* 9 ', wherein an electrocatalyst 
layer is applied to the side of the membrane facing the gas diffusion substrate. Alternatively, 
the invention provides a membrane electrode assembly comprising a gas diffusion substrate 
of the invention as hereinbefore defined, a gas diffusion electrode which may or may not be 
an electrode according to the invention and a solid polymer membrane, for example 
25 Nafion*, wherein an electrocatalyst layer is applied to the side of the membrane facing the 
gas diffusion substrate. Alternatively, the invention provides a membrane electrode 
assembly comprising a gas diffusion substrate of the invention as hereinbefore defined and a 
second gas diffusion substrate which may or may not be a substrate according to the 
invention, and a solid polymer membrane, for example Nafion®, wherein an electrocatalyst 
30 layer is applied to both sides of the solid polymer membrane. 
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A still further aspect of the invention provides a fuel cell comprising a gas diffusion 
substrate according to the present invention. A further aspect provides a fuel cell comprising 
a gas diffusion electrode according to the present invention. 

5 The invention will now be further described with reference to the following examples, 

"Hie materials of the invention can be employed as either the anode or cathode, and 
indeed both anode and cathode in the electrochemical cells of the specific application. In the 
following examples, the electrodes are incorporated as the cathode in membrane electrode 
10 assemblies (MEAs) and evaluated in a proton exchange membrane fuel cell, with hydrogen 
as the anode fuel and air or pure oxygen as the cathode oxidant. It is at the cathode that the 
majority of cell performance (voltage) losses occur in cells operating with hydrogen as the 
fuel. The MEAs were fabricated by hot pressing the anode and cathode against each face of 
the solid proton conducting electrolyte membrane as is commonly practiced in the art* 

15 

The anodes were of the more conventional type, currently widely employed in the 
PEMFC. They comprised a convention pre-teflona ted rigid conducting carbon fibre paper 
substrate (Toray TGP-H-090, available from Toray industries Inc., Tokyo, Japan) to which 
was applied a layer of a 20wt% platinum, !0wt% ruthenium catalyst, supported on Cabot 

20 Vulcan XC72R (from Johnson Matthey Inc., New Jersey, USA), at an electrode platinum 
loading of 0.25mg/cm 2 of electrode geometric area. The MEAs were evaluated in a PEMFC 
single cell, with a geometric elcclrochemicaily active area of 240cm 2 . The single cell 
consisted of graphite plates into which flowfields were machined to distribute reactant gases 
and humidification water, and remove products. The MEA was located between the 

25 flowfield plates. The operation of the single ceil was controlled from a purpose built test 
station facility. The "performance" of the fuel cell was assessed by measuring the voltage 
and current density relationship using a standard operating procedure. Unless Otherwise 
stated, these conditions were typically, a reactant gas inlet temperature of 80°C, a pressure of 
both anode and cathode reactant gases of 3 atmosphere, and a reactant stoichiometry of IS 
30 for hydrogen and 2.0 for air. 
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Comparative Example 1 

A preformed non-woven carbon fibre paper of density 17g/m 2 (equivalent to 
0.07g/cm 3 ) (Optimat 203, Technical Fibre Products, Kendal, Cumbria, UK), was precoated 
5 with PTFE by soaking the paper for 1 minute in a solution of 20 parts by weight of PTFE 
emulsion (ICI Fluon dispersion GP1) in 500 parts by weight of water then draining and 
allowing to dry. The coated carbon fibre paper was heated to 350°C in air to sinter the 
PTFE. 

10 The particulate material (the 'filler material' 5 ) used for embedding within the fibre 

network was provided by dispersing 47 weight parts of acetylene black (Shawinigan black 
from Chevron Chemicals, Houston, Texas, USA) in 1200 parts of water. To this was added 
3 weight parts of polytetrafluoroethylene (PTFE) as a dispersion in water (ICI Fluon 
dispersion GP1, 64wt% solids suspension) and the mixture stirred to entrain the PTFE 

15 particles within the carbon black. The resultant material was dispersed using a high shear 
mixer (Silverson L4R) to produce a smooth mixture. 

The particulate material was pressed into the non-woven carbon fibre structure from 
one side, and leveled off using a metal edge. The sheet was then dried at 200°C for 1 

20 minute. A further thin layer of the particulate material was applied to the same side; the 
structure was sandwiched between two sheets of filter paper and passed through a set of 
rollers to compact the layer. The sheet was then dried at 20()°C for 1 minute. This process 
was then repeated for the second side. Further additions of thin layers of the particulate 
material were applied to each side with compaction and drying until a loading of 3.3rag/cm 2 

25 of carbon was achieved. The resulting gas diffusion substrate sheet was fired, in air, to 
300°Cfor 30 minutes. 

A catalyst material used for forming the electrocatalyst layer on the gas diffusion 
substrate was provided by dispersing 100 weight parts of a 40 weight % platinum on carbon 
30 black (Johnson Matthey FC40) in 30 parts of Nafion EW1100 (E I DuPont De Nemours & 
Co.) as a 9*5 weight % dispersion in water, according to methods described in EP 0 731 520. 
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The particulate catalyst was dispersed using a high shear mixer (Silverson L4R) to produce a 
smooth ink 

A layer of the catalyst material was then applied to the top face of the filled non- 
woven gas diffusion substrate, to give a loading of 0.71mg of platinum/cm 2 . The electrode 
formed the cathode of an MEA, with the platinum electrocatalyst layer bonded to the 
membrane electrolyte face. The membrane employed was DuPont Nafion 112. The single 
cell results, on air and oxygen are shown in Figures 1 and 2 respectively. 



Example 2 

1.0g of chopped carbon fibres at a fibre length of 6mm, and 1.0g of chopped carbon 
fibres at a fibre length of 12mm (type RFC 10 supplied by RK Carbon Fibres Ltd.) along with 
1.0g of carbon fibre wool (type FRC IS supplied by Le Carbone (Great Britain) Ltd., 
Portslade, Sussex, UK) and 0.2g of polyvinyl alcohol fibres (type Mewlon SML supplied by 
Unitika Ltd., Oska 541, Japan) were dispersed in 3 litres of water using a standard catering 
blender. The resulting dispersion was used to prepare a sample of non-woven sheet of size 
330mm diameter (8553cm 2 ) in a custom built sheet former (similar in general operation to 
a standard SCA sheet former, as supplied by AB Lorentzen & Wettre, Box 4, S-163 93 
20 Stockholm, Sweden). The sheet was dried at 100°C in air. 

The non-woven carbon fibre sheet was placed on a sheet of PTFE (skived sheet from 
Dalau Ltd., Clacton-on-sea, Essex, UK) and sprayed with a suspension of PTFE 23g (ICI 
Fluon dispersion GP1, 64wt% solids suspension) in lOg of water. Half of the suspension 
25 was sprayed on the first side, the sheet dried at 120°C, and the other side sprayed with the 
remaining suspension. The resulting sheet was fired, in air, to 340°C for 15 minutes, to give 
a 30% loading of PTFE. 

The particulate material (prepared as described in Comparative Example 1) was 
30 pressed into the non-woven carbon fibre sheet from one side, and leveled off using a metal 
edge. The sheet was then dried at 200»C for 1 minute. A further thin layer of the particulate 
material was applied to the same side; the structure was sandwiched between two sheets of 
filter paper and passed through a set of rollers to compact the layer. The sheet was then 
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dried at 200 6 C for 1 minute. This process was repeated for the second side. Further 
additions of thin layers of the particulate material were applied alternately to each side, with 
compaction and drying, until a loading of 33mg/crn 2 of carbon was achieved. The resulting 
gas diffusion substrate sheet was fired, in air, to 300°C for 30 minutes. 

5 

A catalyst material used for forming the electrocatalyst layer on the gas diffusion 
substrate was provided as in Comparative Example 1. 

A layer of the electrocatalyst material was then applied to the top face of the filled 
10 non-woven gas diffusion substrate, to give a loading of 0.8mg of platinum/cm 2 . 

The electrode formed the cathode of an MEA, with the platinum catalyst layer bonded 
to the membrane electrolyte face* The membrane employed was DuPont Nation 112. The 
single cell results, on air and oxygen are shown in Figures 1 and 2 respectively. 

15 

The cell potential versus current density performance of Comparative Example 1 is 
typical of the performance of an electrode produced by filling conventional non-woven 
carbon structures. The gas diffusion properties of such substrates are very good, with the 
fall off in air performance above 1200mA/cm 2 being due to the structures inability to retain 

20 sufficient water to maintain optimum hydration of the membrane, when operating at high 
current densities. As a consequence, the resistance of the membrane increases with 
increasing current density giving rise to a commensurate loss in overall performance. This is 
also seen in the fall off in oxygen performance, with increasing current density at a similar 
point to the air operation (the use of oxygen by removing the mass transport issues seen with 

25 air operation confirms that the losses on air are not due to mass transport effects) as shown 
in Figures 1 and 2. 

The structure of the non-woven gas diffusion substrate of the invention, overcomes 
these problems of water retention and maintains membrane hydration out to much higher 
30 current densities on both air and oxygen operation as can be seen from the cell potential 
versus current density plots for Example 2 in Figures 1 and 2. 
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CLAIMS 

1 . A non-woven fibre web comprising a plurality of fibres in the x- and y-directions of 
average length greater than 5mm ("longer fibres") and a plurality of fibres of average length 
5 less than 3mm ("shorter fibres") wherein at least a proportion of the fibres of average length 
less than 3mm are orientated in the z-direction, and wherein the proportion of fibres of 
average length less than 3mm is at least 20% of the total weight of fibres, and wherein the 
density of the non-woven fibre web is from 0..lg/cm 3 to 0 35g/cm 3 . 

10 2. A non-woven fibre web comprising up to and including 80% by weight of fibres in 
the x- and y-directions of average length greater than 5mm ("longer fibres"), and 20% or 
more by weight of fibres of average length less than 3mm ("shorter fibres") wherein at least 
a proportion of the fibres of average length of less than 3mm are orientated in the z- 
direction, and wherein the density of the non-woven fibre web is from 0.1g/cm 3 to 

15 035g/cm 3 . 

3. A non-woven fibre web according to claim 1 or claim 2 wherein the proportion of 
shorter fibres is suitably no more than 85% by weight of total fibres in the substrate. 

20 4. A non-woven fibre web according to claim 3 wherein the proportion of shorter fibres 
is suitably no more that 70% by weight of the total fibres. 

5. A non-woven fibre web according to any of claims 1 to 4 wherein the longer fibres 
suitably have a maximum average length of 50mm. 

6. A non-woven fibre web according to claim 5 wherein the longer fibres are of average 
length of 5mm to 30mm. 

7. A non-woven fibre web according to any preceding claim wherein the shorter fibres 
30 are of average length less than 2mm. 
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8. A non-woven fibre web according to claim 7 wherein the shorter fibres are of 
average length less than 1mm. 



5 have an average minimum length of 50|xm. 

10. A non-woven fibre web according to any preceding claim wherein the longer fibres 
and shorter fibres are independently selected from the group consisting of carbon, glass, 
silica, polymer, metal and ceramic fibres. 



11. A non-woven fibre web according to claim 10 wherein the longer fibres and shorter 
fibres are carbon* 

12. A non-woven fibre web according to any preceding claim wherein the density of the 
15 non-woven fibre web is from 0.1g/cm 3 to 0.2g/cm 3 . 

13. A process for the preparation of a non- woven fibre web according to any preceding 
claim, said process comprising the steps of: 

(i) dispersing the longer and shorter fibres in solution to form a slurry; 
20 (ii) adding one or more polymers (the 'first polymery to the slurry; 

(iii) draining the liquid from the slurry to form a web, or forming a continuous structure 
by the controlled deposition of the slurry onto a moving bed mesh; 

(iv) drying the web; 

(v) optionally placing the web in a solution of polymer (the 'final poly mer"); 
25 (vi) drying the web; and 

(vii) heat treating the web. 

14. A gas diffusion substrate comprising a non-woven fibre web as claimed in any one of 
claims 1 to 12, and a filler material. 



9. 



A non-woven fibre web according to any preceding claim wherein the shorter fibres 



10 



30 



vvi is 3<i ttei 
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15. A gas diffusion substrate according to claim 14 wherein the filler material comprises 
particulate carbon and a polymer. 

16. A gas diffusion substrate according to claim 14 or claim 15 wherein the filler 
5 material comprises a catalyst material. 

17. A gas diffusion electrode comprising a gas diffusion substrate as claimed in any one 
of claims 14, 15 and 16, and an electrocatalyst material. 

10 18- A gas diffusion electrode according to claim 17, wherein the electrocatalyst material 
comprises one or more electrocatalytic components and a polymer. 

19. A gas diffusion electrode according to claim 18, wherein the electrocatalyst material 
is a precious metal or a transition metal as the metal or metal oxide, either unsupported or 

15 supported in a dispersed form on a carbon support; a carbon or an organic complex, in the 
form of a high surface area finely divided powder or fibre, or a combination of these options. 

20. A membrane electrode assembly comprising a gas diffusion electrode as claimed in 
any one of claims 17, 18 and 19, a second gas diffusion electrode which may or may not be 

20 an electrode as claimed in any one of claims 17, 18 and 19, and a solid polymer membrane. 

21. A membrane electrode assembly comprising a gas diffusion electrode as claimed in 

any one of claims 17, 18 and 19, a gas diffusion substrate which may or may not be a 

substrate as claimed in any one of claims 14, 15 and 16, and a solid polymer membrane, 

25 wherein an electrocatalyst layer is applied to the side of the membrane facing the gas' 
diffusion substrate. 

22. A membrane electrode assembly comprising a gas diffusion substrate as claimed in 
any one of claims 14, 15 and 16, a gas diffusion electrode which may or may not be an 

30 electrode as claimed in any one of claims 17, 18 and 19, and a solid polymer membrane, 
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wherein an electrocataJyst layer is applied to the side of the membrane facing the gas 
diffusion substrate. 



5 any one of 14, 15 and 16, and a second gas diffusion substrate which may or may not be a 
substrate as claimed in any one of claims 14, 15 and 16, and a solid polymer membrane, 
wherein an electrocatalyst layer is applied to both sides of the solid polymer membrane. 

24. A fuel cell comprising a gas diffusion substrate as claimed in any one of claims 14, 
10 15 and 16. 



23. A membrane electrode assembly comprising a gas diffusion substrate as claimed in 



25. A fuel cell comprising a gas diffusion electrode as claimed in any one of claims 17, 
18 and 19. 
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Abstract of the Invention 
SUBSTRATES 

A non-woven fibre web comprising a plurality of fibres in the x- and y-direction of average 
length greater than 5mm and a plurality of fibres of average length less than 3mm wherein at 
5 least a proportion of the fibres of average length less than 3mm are orientated in the z- 
diiection, and wherein the proportion of fibres of average length less than 3mm is at least 
20% of the total weight of fibres, and wherein the density of the non-woven fibres web is 
from 0.1g/cm 3 to 035g/cm 3 is disclosed. Also disclosed is a gas diffusion substrate, a gas 
diffusion electrode and a membrane electrode assembly comprising said non-woven fibre 
10 web. 
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